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CLAIMS 



[Claim(s)] 

[Claim 1] In the magneto-resistive effect component of which the laminating of a stratum / 
antiferromagnetism layer / fixed magnetic layer / non-magnetic layer / the free magnetic layer 
is carried out one by one. and it consists the bottom Said fixed magnetic layer is constituted 
with the member which consists of the simple substance which consists of a group who uses Co. 
nickel, and Fe as the base, an alloy, or a cascade screen. Said free magnetic layer An 
ARUMOFASU magnetic material, Any one [ or ] of each of the alloy of CoFeB, CoZrMo, CoZrNb. 
CoZr, CoZrTa, CoHf, CoTa, CoTaHf. CoNbHf, CoZrNb, CoHfPd, CoTaZrNb, and CoZrMoNi The 
magneto-resistive effect component which has and is characterized by constituting. 
[Claim 2] In the magneto-resistive effect component of which the laminating of a substrate 
layer / antiferromagnetism layer / fixed magnetic layer / the 1st MR enhancing layer / non- 
magnetic layer / 2nd MR enhancing layer / free magnetic layer is earned out one by one, and it 
consists Said fixed magnetic layer is constituted with the member which consists of the simple 
substance which consists of a group who uses Co, nickel, and Fe as the base, an alloy, or a 
cascade screen. Said 1 st MR enhancing layer and the 2nd MR enhancing layer Any one of each 
of the alloy of an amorphous magnetic material or CoFeB, CoZrMo, CoZrNb, CoZr, CoZrTa, CoHf, 
CoTa, CoTaHf, CoNbHf, CoZrNb, CoHfPd, CoTaZrNb, and CoZrMoNi The magneto-resistive 
effect component which has and is characterized by constituting. 

[Claim 3] The magneto-resistive effect component according to claim 1 or 2 characterized by 
constituting said free magnetic layer with the sandwiches film which consists of the 1 st fixed 
magnetic layer / a non-magnetic layer / the 2nd fixed magnetic layer. 

[Claim 4] The magneto-resistive effect component according to claim 1 or 2 characterized by 
constituting a fixed magnetic layer with the sandwiches film which consists of the 1st fixed 
magnetic layer / a non-magnetic layer / the 2nd fixed magnetic layer. 
[Claim 5] The laminating of a bottom shielding layer, a bottom gap layer, and the magneto- 
resistive effect component is carried out one by one on a substrate. Said each shielding layer 
and a magneto-resistive effect component are patternized. And the laminating of a vertical bias 
layer and the bottom electrode layer is carried out one by one so that the edge of the magneto- 
resistive effect component concerned may be touched. It is the shielding mold magneto-resistive 
effect sensor which the laminating of an upper gap layer and the upper shielding layer Is carried 
out one by one on it, and changes. While a stratum / antiferromagnetism layer / fixed magnetic 
layer / non-magnetic layer / free magnetic layer uses said magneto-resistive effect component 
as the magneto-resistive effect component which a laminating is carried out one by one and 
changes the bottom The shielding mold magneto-resistive effect sensor characterized by 
constituting said fixed magnetic layer with the member which consists of the simple substance 
which consists of a group who uses Co, nickel, and Fe as the base, an alloy, or a cascade screen. 

[Claim 6] The laminating of a bottom shielding layer, a bottom gap layer, and the magneto- 
resistive effect component is carried out one by one on a substrate. Said each shielding layer 
and a magneto-resistive effect component are patternized. And the laminating of a vertical bias 
layer and the bottom electrode layer is carried out one by one so that it may lap with the upper 
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part of the magneto-resistive efFect component concerned in part. It is the shielding mold 
magneto-resistive effect sensor which the laminating of an upper gap layer and the upper 
shielding layer is carried out one by one on it and changes. While a stratum / antiferromagnetism 
layer / fixed magnetic layer / non-magnetic layer / free magnetic layer uses said magneto- 
resistive efFect component as the magneto-resistive effect component which a laminating is 
carried out one by one and changes the bottom The shielding mold magneto-resistive efFect 
sensor characterized by constituting said fixed magnetic layer with the member which consists 
of the simple substance which consists of a group who uses Co, nickel, and Fe as the base, an 
alloy, or a cascade screen. 

[Claim 7] Above Shielding mold magneto-resistive effect sensor according to claim 5 or 6 
characterized by having had any one of each of the alloy of an ARUMOFASU magnetic material 
or CoFeB, CoZrMo, CoZrNb, CoZr, CoZrTa, CoHf, CoTa. GoTaHf, CoNbHf, CoZrNb, CoHfPd, 
CoTaZrNb, and CoZrMoNi, and constituting said free magnetic layer. 
[Claim 8] The laminating of a bottom shielding layer, a bottom gap layer, and the magneto- 
resistive efFect component is carried out one by one on a substrate. Said each shielding layer 
and a magneto-resistive effect component are patternized. And the laminating of a vertical bias 
layer and the bottom electrode layer is carried out one by one so that the edge of the magneto- 
resistive efFect component concerned may be touched. It is the shielding mold magneto-resistive 
effect sensor which the laminating of an upper gap layer and the upper shielding layer is carried 
out one by one on it, and changes. While using said magneto-resistive efFect component as the 
magneto-resistive efFect component of which the laminating of a substrate layer / 
antiferromagnetism layer / fixed magnetic layer / the 1st MR enhancing layer / non-magnetic 
layer / 2nd MR enhancing layer / free magnetic layer is carried out one by one. and it consists 
The shielding mold magneto-resistive effect sensor characterized by constituting said fixed 
magnetic layer with the simple substance which consists of a group who uses Co. N, and Fe as 
the base, an alloy, or a cascade screen. 

[Claim 9] The laminating of a vertical bias layer and the bottom electrode layer is carried out one 
by one so that the laminating of a bottom shielding layer, a bottom gap layer, and the magneto- 
resistive efFect component may be carried out one by one on a substrate, and said each 
shielding layer and a magneto-resistive effect component may be patternized and it may lap with 
the upper part of the magneto-resistive effect component concerned in part, and the laminating 
of an upper gap layer and the upper shielding layer is carried out one by one on it The shielding 
mold magneto-resistive effect sensor which is a shielding mold magneto-resistive effect sensor, 
and is characterized by to constitute said fixed magnetic layer with the simple substance which 
consists of a group who uses Co, N, and Fe as the base, an alloy, or a cascade screen while 
using said magneto-resistive effect component as the magneto-resistive effect component of 
which the laminating of a substrate layer / antiferromagnetism layer / fixed magnetic layer / the 
1 St MR enhancing layer / non-magnetic layer / 2nd MR enhancing layer / free magnetic layer is 
carried out one by one, and it consists. 

[Claim 10] The shielding mold magneto-resistive effect sensor according to claim 8 or 9 
characterized by having had any one of each of the alloy of an amorphous magnetic material or 
CoFeB, CoZrMo. CoZrNb, CoZr, CoZrTa, CoHf, CoTa, CoTaHf, CoNbHf. CoZrNb. CoHfPd. 
CoTaZrNb, and CoZrMoNi, and constituting said 1st MR enhancing layer and the 2nd MR 
enhancing layer. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Reld of the Invention] This invention relates to a magneto-resistive effect component and a 
shielding mold magneto-resistive effect sensor, and relates to a magneto-resistive effect 
component suitable as a magnetometric sensor for reading the storage information on record 
media, such as a magnetic disk, especially, and a shielding mold magneto-resistive effect sensor. 
[0002] 

[Description of the Prior Art] Conventionally, the magnetic reading converter called a magneto- 
resistive effect mold sensor (MR sensor) or a magneto-resistive effect mold head is known. This 
can read data now in a magnetic front f^ce by the big linearity consistency. 
[0003] MR sensor detects a field signal through the resistance change as the strength of 
magnetic flux, and a function of a direction sensed by the reading component. MR sensor of such 
a conventional technique operates based on the anisotropy magnetic-reluctance (AMR) 
effectiveness that one component of resistance of a reading component changes in proportion 
to the square of the cosine of the include angle between the magnetization direction and the 
direction of perception current which flows the inside of a component. More detailed explanation 
of the AMR (anisotropy magnetic reluctance) effectiveness is indicated by the paper "Memory, 
Storage, and. Related ApplicationsiIEEE Trans.- Mag.MAQ-11, p.1039 (1975)" of D.A. Thompson 
(Thompson) etc. 

[0004] Although vertical bias is impressed in the magnetic head using the AMR effectiveness in 
many cases in order to press down a Barkhausen noise, generally the case where 
antiferromagnetism ingredients, such as FeMn, NiMn, and a nickel oxide, are used is known as 
this vertical bias impression ingredient. 

[0005] Furthermore, if it is in recently, the more remarkable magneto-resistive effect returned to 
spin shelf-life dispersion by the layer interface to which resistance change of a laminating 
magnetometric sensor accompanies spin shelf-life transmission and it of the electrical 
conduction electron between the magnetic layers through a non-magnetic layer is known. This 
magneto-resistive effect is called by various names, such as "giant magneto-resistance" and 
the ''spin bulb effectiveness/' Sensibility is improved and such a magnetic-reluctance sensor 
has a large resistance change rather than it is made of the suitable ingredient and is observed by 
the sensor using the AMR effectiveness. By this kind of MR sensor, the flat-surface internal 
resistance between one pair of ferromagnetic layers separated by the non-magnetic layer 
changes in proportion to the cosine of the include angle between the two magnetization 
directions of a layer. 

[0006] Moreover, the laminating magnetism structure of resulting in high MR change produced by 
anti-parallel alignment of the magnetization in a magnetic layer to JP,2-61572,A is indicated. In 
this case, ferromagnetic transition metals and a ferromagnetic alloy are mentioned to the above- 
mentioned official report as an usable ingredient by the laminated structure. Moreover, it is 
indicated that FeMn is suitable as the structure which added the antiferromagnetism layer to one 
side of the two-layer ferromagnetism [ at least ] layer separated by the interlayer, and an 
antiferromagnetism layer. 
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[0007] Furthermore, it has the two-layer thin film layer of the ferromagnetic divided by the thin 
film layer of a non-magnetic metal object when an impression field is zero, JP,4-358310A and 
the magnetization direction of two ferromagnetic thin membrane layers cross at right angles, 
resistance between two uncombined ferromagnetic layers changes in proportion to the cosine of 
the include angle between the two magnetization directions of a layer, and MR sensor 
independent of the direction of the current passing through the inside of a sensor is indicated. 
[0008] Furthermore, including the thin film layer of two ferromagnetics separated in the thin film 
layer of a non-magnetic metal ingredient, when an external impression field is zero, 
magnetization of the acijoining antiferromagnetic substance layer is kept perpendicular to JP,6- 
203340 A to the ferromagnetic layer of another side again. MR sensor based on the above- 
mentioned effectiveness is indicated. 

[0009] And it is the spin bulb which has the configuration of the 1 st magnetic layer / non- 
magnetic layer / the 2nd magnetic layer / antiferromagnetism layer, and JP,7-262529A is shown 
the magneto-resistive effect component using the ingredient which added Cr. Mn, Pt, nickel, Cu, 
Ag, aluminum, Ti, Fe, Co, or Zn to the 1 st and 2nd magnetic layers especially at CoZrNb, 
CoZrMo, FeSiAl, FeSi, NiFe, or this. 
[0010] 

[Problem(s) to be Solved by the Invention] With a magneto-resistive effect mold head, when it 
reproduces with an equal sense current value, the output is proportional to resistance variation. 
Since this resistance variation is the product of resistance rate of change and component 
resistance, an output becomes so large that the specific resistance of a component is high. 
Therefore, it becomes the leading improvement approach for the improvement in an output to 
raise component resistance, maintaining the conventional component and the resistance rate of 
change more than comparable. Then, it becomes effective to use the large charge of an 
amorphous alloy of specific resistance. 

[001 1] However, when these ingredients are used for a fixed magnetic layer, the magnitude of 
the one direction anisotropy given to a fixed magnetic layer from an antiferromagnetism layer is 
small, moreover, a substrate layer — if alloys, such as the charge of an amorphous alloy or 
CoFeB, CoZrMo, CoZrNb. CoZr, CoZrTaCoHf, CoTa, CoTaHf, CoNbHf, CoZrNb, CoHfPd, 
CoTaZrNb, and CoZrMoNi, are used for a free magnetic layer with a configuration called a /free 
magnetic layer / ratio magnetic layer / fixed magnetic layer / antiferromagnetism layer — the 
usual membrane formation approaches, such as DC magnetron sputtering and RF magnetron 
sputtering, — a ratio — it was difficult for the magnetic layer / fixed magnetic layer / 
antiferromagnetism layer to acquire a good property. 
[0012] 

[Objects of the Invention] This invention sets it as the purpose to offer the magneto-resistive 
effect component which can obtain a big playback output, improving un-arranging [ which this 
conventional example has ], and securing sufficient switched connection field to a fixed magnetic 
layer from an antiferromagnetism layer especially. 
[0013] 

[Means for Solving the Problem] the substrate which is the principal part in this invention — in 
the magneto-resistive effect component of a configuration of consisting of a layer / 
antiferromagnetism layer / fixed magnetic layer / non-magnetic layer / free magnetic layer, the 
simple substance which consists of a group who makes Co. nickel, and Fe a fixed magnetic layer 
at the base, an alloy, or a cascade screen is used. Moreover, alloys, such as an amorphous 
magnetic material or CoFeB, CoZrMo. CoZrNb, CoZr. CoZrTa. CoHf, CoTa, CoTaHf. CoNbHf. 
CoZrNb, CoHfPd, CoTaZrNb. and CoZrMoNi. are used for a free magnetic layer. 
[0014] Furthermore, in the magneto-resistive effect component of the configuration of a 
substrate layer / antiferromagnetism layer / fixed magnetic layer / the 1st MR enhancing layer / 
non-magnetic layer / 2nd MR enhancing layer / free magnetic layer, alloys, such as an 
ARUMOFASU magnetic material or CoFeB, CoZrMo, CoZrNb. CoZr, CoZrTa, CoHf, CoTa, 
CoTaHf, CoNbHf, CoZrNb, CoHfPd, CoTaZrNb, and CoZrMoNi, are used for the 1 st and 2nd MR 
enhancing layer. 

[0015] In the former, since a fixed magnetic layer is in right above [ antiferromagnetism layer ], 
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especially the magnitude of the switched connection field which is an important element Is 
decided as a magnetic property of a fixed magnetic layer by the configuration of a substrate 
layer / antiferromagnetism layer / fixed magnetic layer, and it is not influenced [ by which a 
laminating is carried out on It ] of an enhancing layer or a free magnetic layer. Therefore, If the 
substrate layer / antiferromagnetism layer / fixed magnetic layer is made the configuration from 
which a sufficiently big switched connection field is acquired, it will become what switched 
connection field sufficient also as a magneto-resistive effect component for a fixed magnetic 
layer was given, and component actuation [ **sMc ] will be obtained. 
[0016] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained 
according to a drawing. 

[0017] (Gestalt of the 1st operation) This is shown in drawing 1 . The 1st operation gestalt 
shown in this drawing 1 shows a shielding mold magneto-resistive effect sensor. This shielding 
mold magneto-resistive effect sensor carries out the laminating of the bottom shielding layer 2, 
the bottom gap layer 3, and the magneto-resistive effect component 6 one by one on a 
substrate 1. The laminating of the gap convention insulating layer 7 may be carried out on it. The 
bottom shielding layer 2 is pattemized by suitable magnitude according to the photoresist 
process (PR process). 

[0018] The magneto-resistive effect component 6 is patternized by the suitable magnitude 
configuration according to PR process. Moreover, the laminating of the vertical bias layer 4 and 
the bottom electrode layer 5 is carried out one by one, and the laminating of the upper gap layer 
8 and the upper shielding layer 9 is further carried out one by one so that the edge of this 
magneto-resistive effect component 6 may be touched. 

[0019] As a bottom shielding layer 2 of the type of this drawing 1 , alloys, such as NiFe, GoZr, 
GoFeB, GoZrMo, GoZrNb, GoZr. GoZrTa. CoHf, CoTa, CoTaHf, GoNbHf, CoZrNb, CoHfl^d, 
GoTaZrNb, or GoZrMoNi, or FeAISi, a nitriding iron system ingredient, etc. can be used, and 
thickness can be applied in 0.5-10 [mum]. 

[0020] Moreover, the bottom gap layer 3 can apply Si02, alumimium nitride, silicon nitride, 
diamond-like carbon, etc. besides an alumina. Use in 0.01-0.20 [mum] range is desirable. As a 
bottom electrode, the simple substance, the alloy, or mixture which consists of Zr, Ta, and Mo is 
desirable. As for the thickness range, 0.01-0.10 [mum] are good. 

[0021] As a vertical bias layer 4, CoCrPt. CoGr. GoPt. GoGrTa, FeMn, NiMn, nickel oxide, a NiCo 
oxide, IrMn, PtPdMn, ReMn, etc. can be used. 

[0022] Furthermore, as a gap convention Insulating layer 7, an alumina, Si02, alumimium nitride, 
silicon nitride, diamond-like carbon, etc. are applicable. Use in 0.005-0.05 [mum] range is 
desirable. The upper gap layer 8 can apply an alumina, Si02, alumimium nitride, silicon nitride, 
diamond-like carbon, etc. Use in 0.01-0.20 [mum] range is desirable. 

[0023] NiFe, GoZr or GoFeB, GoZrMo. GoZrNb, GoZr, GoZrTa, GoHf, CoTa. GoTaHf, GoNbHf, 
GoZrNb, GoHfPd, GoTaZrNb, a GoZrMoNi alloy, FeAISi, a nitriding iron system ingredient, etc. 
can be used for the upper shielding layer 9, and thickness can be applied in 0.5-1 0 [mum]. 
[0024] Moreover, an example of the magneto-resistive effect component 6 is shown in drawin g 
2 . This drawing 2 is the conceptual diagram of the film configuration of the magneto-resistive 
effect component 6. In this drawing 2 , it is the structure which carried out the laminating of the 
antiferromagnetism layer 1 2, the fixed magnetic layer 1 3, a non-magnetic layer 1 5, the free 
magnetic layer 17, and the protective layer 18 one by one on the substrate layer 11. 
[0025] Moreover, other examples of the magneto-resistive effect component 6 are shown in 
drawing 3 . The example of this drawing 3 is the structure which carried out the laminating of the 
antiferromagnetism layer 12, the fixed magnetic layer 13, the 1st MR enhancing layer 14, a non- 
magnetic layer 15, the 2nd MR enhancing layer 16. the free magnetic layer 17, and the protective 
layer 18 one by one on the substrate layer 11. under the present circumstances, fixed 
magnetism — the simple substance which consists of a group who uses Go, nickel, and Fe as 
the base as 13, an alloy, or a cascade screen is used. 1-50 [nm] extent of thickness is desirable. 

[0026] Moreover, as a 1st MR enhancing layer 14, alloys, such as GoFeB(s), such as Go, Fe, 
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nickel. NiFeCo. and FeCo, or CoZrMo. CoZrNb, CoZr. CoZrTa, CoHf. CoTa, CoTaHf. CoNbHf, 
CoZrNb. CoHfPd, CoTaZrNb. and CoZrMoNi, or an amorphous magnetic material is used. 0.5-5 
[nm] extent of thickness is desirable. Although MR ratio falls a little compared with the case 
where this is used when not using the 1st MR enhancing layer 14, the routing counter which 
production takes only a part not to use decreases. 

[0027] As a non-magnetic layer 15» the ingredient which added Ag of 1-20 [at%] extent to Cu 
and Cu, the ingredient which added Re of 1-20 [at%] extent to Cu, and a Cu-Au alloy can be 
used. As for thickness, 2-4 [nm] are desirable. 

[0028] As a 2nd MR enhancing layer 16. each alloy, such as GoFeB(sX such as Co, NiFeCo, and 
FeCo, or CoZrMo, CoZrNb, CoZr, CoZrTa, CoHf, CoTa, CoTaHf, CoNbHf, CoZrNb, CoHfPd, 
CoTaZrNb, and CoZrMoNI, or an amorphous magnetic material can be used. 0.5-3 [nm] extent of 
thickness is desirable. Although MR ratio falls a little compared with the case where it uses when 
not using the 2nd MR enhancing layer 1 6 in this case, either, the routing counter which 
production takes only a part not to use decreases. 

[0029] As a free magnetic layer 1 7. monolayers, such as NiFe, NiFeCo, CoZrNb, CoZrMo, FeCoB, 
Sendust a nitriding iron system ingredient, and FeCo, mixture, or a cascade screen can be used. 
1-10 [nm] extent of thickness is desirable. In the case of the ingredient with which the free 
magnetic layer used NiFe, NiFeCo, and FeCo as the base, by setting a substrate layer to Ta, Hf. 
Zr, W, etc., the crystallinity of a free magnetic layer and a non-magnetic layer can be made good, 
and MR ratio can be raised. 

[0030] As a protective layer 18. the oxide of the group who consists of aluminum, Si, Ta, and Ti 
or a nitride, the groups that consist of Cu, Au, Ag, Ta, Hf, Zr, Ir, Si, Ft, Ti, Cr, aluminum, and C, or 
those mixture can be used. And although corrosion resistance improves by using this, when not 
using, the number of production processes decreases conversely and productivity improves. 
[0031] The shielding mold magneto-resistive effect sensor equipped with the above-mentioned 
magneto-resistive effect component 6 is put side by side with the write-in head section by the 
inductive coil, and, thereby, is used as magneto-resistive effect mold head equipment of record 
playback one apparatus. 

[0032] (Gestalt of the 2nd operation) This is shown in drawing 4 . The 2nd operation gestalt 
shown in this drawing 4 shows other examples of a shielding mold magneto-resistive effect 
sensor. The shielding mold magneto-resistive effect sensor in this drawing 4 carries out the 
laminating of the bottom shielding layer 22, the bottom gap layer 23, and the magneto-resistive 
effect component 6 on a substrate 1 2. The shielding layer 22 is patternized by suitable 
magnitude according to PR process. 

[0033] in this case, the magneto-resistive effect component 6 is patternized in a suitable 
magnitude configuration according to PR process — having — ♦♦♦♦ — that upper part — 1 — 
***♦ — the laminating of the vertical bias layer 24 and the bottom electrode layer 25 is carried 
out one by one like. Moreover, the laminating of the upper gap layer 28 and the upper shielding 
layer 29 is carried out one by one. 

[0034] Moreover, like the case of the 1st operation gestalt mentioned above as a bottom 
shielding layer 22, alloys, such as NiFe, CoZr, CoFeB, CoZrMo, CoZrNb, CoZr. CoZrTa. CoHf, 
CoTa. CoTaHf. CoNbHf, CoZrNb. CoHfPd. CoTaZrNb. or CoZrMoNi. or FeAISi. a nitriding iron 
system ingredient, etc. can be used, and thickness can be applied in 0.5-10 [mum]. 
[0035] About other configurations and functions, it is the same as that of the 1 st operation 
gestalt shown in drawing 1 mentioned above. 

[0036] (Gestalt of the 3rd operation) Next, the gestalt of the 3rd operation is explained based on 
drawin g 5 thru/or drawing 6 . This drawing 5 thru/or drawing 6 is the conceptual diagram of the 
record reproducing head which equipped the shielding mold magneto-resistive effect sensor 
mentioned above. 

[0037] First, the record reproducing head shown in d rawin g 5 consists of the reproducing-head 
section using the magneto-resistive effect component 6 in the 1 st or 2nd operation gestalt 
mentioned above, and the recording head section of an inductive mold. Here, although the 
example of loading of the recording head section for longitudinal magnetic recording was shown, 
you may use as an object for vertical recording by combining with the head for vertical magnetic 
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recordings the magneto-resistive effect component 6 mentioned above. 
[0038] The record reproducing head is constituted by the reproducing-head section which 
consists of the lower shielding film 31 , the thin filmHIke magneto-resistive effect component 32 
and an electrode 33, and up shielding film 34 on a base 30, and the recording head section which 
consists of the lower magnetic film 36, a coil 37, and an up magnetic film 38. Here, the up 
shielding film 34 and the lower magnetic film 36 are not cared about even if common. By this 
record reproducing head, a signal is written in a record medium 100, and a predetermined signal 
is read in a record medium 1 00. 

[0039] And a part for the sensor of the reproducing-head section and the magnetic gap of the 
recording head section are equipping the location piled up on the same slider in this way, and 
positioning is possible for coincidence on the same truck. That Is, this head is processed Into a 
slider and It is used, carrying in a magnetic recorder and reproducing device. 
[0040] Drawing 6 is the partial perspective view in which showing the physical relationship of the 
record reproducing head and the magnetic-recording medium which used the above-mentioned 
magneto-resistive effect component and which was omitted in part In this drawin g 6 , on the 
base 30 which served as the body of a slider, thin film-like the magneto-resistive effect 
component 32 and an electrode layer 33 are attached, and it reproduces by positioning this on a 
record medium 100. A record medium 100 rotates, and the base 30 as a body of a slider 
counters in the state of the height below 0.2 [mum], or contact, and motions a record-medium 
1 00 top relatively. According to this device, the magneto-resistive effect component 51 is set as 
the location which can read in that leakage field the magnetic signal recorded on the record 
medium 100. 

[0041] Next, the example (example) of the above-mentioned operation gestalt is explained* and 

the effectiveness is mentioned. 

[0042] 

[Example] First, in order to compare with the magneto-resistive effect component in the above- 
mentioned operation gestalt, the magneto-resistive effect film was created with a configuration 
called glass substrate / nickel oxide (50nm) / Co90Fe10(3nm)/Cu(2.5nm)/Co90Fe10 
(1nm}/nickel80Fe20 (5nm). Magnetron sputtering equipment performed membrane formation in 
the impression field of 500 [Oe]. 

[0043] When the field was impressed in the direction parallel to a membrane formation field for 
this magneto-resistive effect film and the M-H curve was made to draw, the resistance rate of 
change 7 [%] was obtained. The specific resistance of this component is 25 [muomegacm] in an 
impression magnetic field ''0'\ and specific resistance variation was set to 1.75 [muomegacm]. 
[0044] Next, the magneto-resistive effect film was created using various alloys to the fixed 
magnetic layer with a configuration called a glass substrate / nickel oxide (50nm) / Co90Fe10 
(3nm) / Cu (2.5nm) / fixed magnetic layer (6nm). Magnetron sputtering equipment performed 
membrane formation in the impression field of 500 [Oe]. A field is impressed in the direction 
parallel to a membrane formation field for this magneto-resistive effect film, and the resistance 
rate of change, specific resistance, and specific resistance variation at the time of making a M-H 
curve draw are shown in the graph of drawing 7 . In any case, it was based on the case where an 
ingredient which was mentioned to the graph of this drawing 7 is not used, and specific 
resistance variation increased. 

[0045] Next, the magneto-resistive effect film was created with a configuration called glass 
substrate / nickel oxide (50nm) / Co90Fe10(1.5nm)/Co74Zr6 Mo20(1.5nm)/Cu(2.5nm)/Co74Zr6 
Mo20 (6nm). Magnetron sputtering equipment performed membrane formation in the impression 
field of 500 [Oe]. When the field was impressed in the direction parallel to a membrane formation 
field for this magneto-resistive effect film and the M-H curve was made to draw, the resistance 
rate of change 6.0 [%] was obtained. The specific resistance of this component was 65 
[muomegacm] in the impression magnetic field "0'', specific resistance variation is 3.9 
[muomegacm] and specific resistance variation was set to 3.9 [muomegacm]. 
[0046] Next, the magneto-resistive effect film was created with a configuration called glass 
substrate / nickel oxide (50nm) / Co90Fe10(1.5nm)/Co74Zr6 Mo20(1.5nm)/Cu(2.5m)/Co74Zr6 
Mo20(3nm)/nickel80Fe20. Magnetron sputtering equipment performed membrane formation in the 
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impression field of 500 [Oe]. When the field was Impressed in the direction parallel to a 
membrane formation field for this magneto-resistive effect film and the M-H curve was made to 
draw, the resistance rate of change 5.0 [%] was obtained. The specific resistance of this 
component is 45 [muomegacm] in an impression magnetic field ''0'\ and specific resistance 
variation was set to 2.25 [muomegacm]. 

[0047] Furthermore it continued and the magneto-resistive effect film was created with a 
configuration called glass substrate / nickel oxide (50nm) / Co90Fe10(3.0nm)/Cu 
(2.5nm)/Co90Zr3 Nb5/(3nm) Ru(0.4nm)/Co92Zr3 Nb5 (3nm). Magnetron sputtering equipment 
performed membrane formation in the impression field of 500 [Oe]* 

[0048] When the field was impressed in the direction parallel to a membrane formation field for 
this magneto-resistive effect film and the M-H polar-line was made to draw, the resistance rate 
of change 4.8 [%] was obtained. Also in the component patternized to 1 [mum] width of face by 
the film of this configuration, field sensibility was good. 

[0049] This is two Co92Zr3 Nb(s)5 of the Co92Zr3 Nb5/(3nm) Ru(0,4nm)/Go92Zr3Nb5 section 
(3nm). Since the layer is carrying out coupling in anti ferro through Ru, it thinks because 
activation-magnetization of the free magnetic layer 1 7 becomes very small and magnetostatic 
association between the fixed magnetic layer 1 3 and the free magnetic layer 1 7 becomes small. 
The specific resistance of this component is 43 [muomegacm] in an impression magnetic field 
''0'^ and specific resistance variation was set to 2.1 [muomegacm]. 

[0050] Next, the magneto-resistive effect film was created with a configuration called glass 
substrate / nickel oxide (50nm) / Go90Fe10(2nm)/Ru(0.4nm)/Co90Fe10(2nm)/Cu 
(2.5nm)/Oo92Ze3Nb5 (3nm). Magnetron sputtering equipment performed membrane formation in 
the impression field of 500 [Oe]. When the field was impressed in the direction parallel to a 
membrane formation field for this magneto-resistive effect film and the M-H curve was made to 
draw, the resistance rate of change 4.9 [%] was obtained. 

[0051] Also in the component patternized to 1 [mum] width efface by the film of this 
configuration, field sensibility was good Since two CoFe layers of the Co90Fe10 (2nm) / Ru 
(0.4nm) / Co90Fe10 (2nm) section are carrying out coupling in anti ferro through Ru, this has 
very small activation-magnetization of the free magnetic layer 1 7, and is considered because 
magnetostatic association between the fixed magnetic layer 1 3 and the free magnetic layer 1 7 
becomes small. The specific resistance of this component is 41 [muomegacm] in an impression 
magnetic field "0'', and specific resistance variation was set to 2.0 [muomegacm]. 
[0052] Next, the magneto-resistive effect film was created with a configuration called glass 
substrate / nickel oxide (50nm) / Go90Fe10(3nm)/Ru(0.4nm)/Co90Fe10(3nm)/Cu 
(2.5nm)/Go92Zr3Nb5 Ru(3nm) (0.4nm)/Co92ZrNb5 (3nm). Magnetron sputtering equipment 
performed membrane formation in the impression field of 500 [Oe]. 

[0053] When the field was impressed in the direction parallel to a membrane formation field for 
this magneto-resistive effect film and the M-H curve was made to draw, the resistance rate of 
change 4.5 [%] was obtained. Also in the component patternized to 1 [mum] width of face by the 
film of this configuration, field sensibility was good. 

[0054] This is two Co92Zr3 Nb(s), two CoFe layers of Co90Fe10(2nm)/Ru(0.4nm)/Co90Fe10 
(2nm), and the Co92Zr3 Nb5/(3nm) Ru(0.4nm)/Co92Zr3 Nb5 section (3nmX5. A layer Since 
coupling is carried out in anti ferro through Ru, effectual magnetization of the free magnetic 
layer 1 7 is very small, and it thinks because magnetostatic association between the fixed 
magnetic layer 13 and the free magnetic layer 17 becomes small. The specific resistance of this 
component is 38 [muomegacm] in an impression magnetic field ''0'', and specific resistance 
variation was set to 1 .7 [muomegacm]. 

[0055] Next, the magneto-resistive effect film was created using various alloys in the substrate 
layer / antiferromagnetism layer with a configuration called antiferromagnetism layer / Co90Fe10 
(3nm)/Gu(2.5nm)/Co92ZrNb5 (6nm). Magnetron sputtering equipment performed membrane 
formation in the impression field of 500 [Oe]. A field is impressed In the direction parallel to a 
membrane formation field for this magneto-resistive effect film, and the resistance rate of 
change, specific resistance, and specific resistance variation at the time of making a M-H curve 
draw are shown in the graph of drawing 8 . 
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[0056] Next, the example which applied these magneto-resistive effect film to the shielding mold 
component is shown. First, the shielding mold component (1 st operation gestalt) of the type of 
drawing 1 was created. At this time, the alumina was used as NiFe and a bottom gap layer 3 as a 
bottom shielding layer 2. As a magneto-resistive effect component 6, the magnitude of 1x1 
[mum] was processed according to PR process, and nickel oxide (50nm) / Fe oxide (2nm) / 
Co90Fe10 (3nm) / Gu(2.5nm}/Co92Zr3 Nb5 (6nm) was used. 

[0057] And the laminating of the bottom electrode layer 5 of Mo was carried out to CoCrPt so 
that the edge of the magneto-resistive effect component 6 might be touched. As an upper gap 
layer 8, NiFe was used as an alumina and an upper shielding layer 9. Thus, the formed sensor 
was built into a record playback one apparatus head like drawing 5 , slider processing was carried 
out, it equipped on the CoCrTa system medium and record playback of the data was carried out. 
[0058] Under the present circumstances, in 1.5 [mum] and a write-in gap, 0,2 [nm] and the 
reading width of recording track set [ the write-in width of recording track ] 1.0 [mum] and a 
reading gap to 0.21 [mum]. The coercive force of a medium is 2.5 [kO]. 
[0059] When record mark length was changed and the playback output was measured, the 
frequency was set to 1 50 [kFCI] by the mark length whom a playback output reduces by half. A 
playback output is 2.7 [mV] in maximum amplitude (peakto peak), and the wave with good 
symmetric property without a noise was acquired. Moreover, the S/N ratio was 26.3 [dB] and the 
error rate was ten to six or less. 

[0060] Furthermore, although the environmental test was performed in 80 [^] and 500 [Oe], the 
error rate did not change this head at all before 1 500 hours. 

[0061] Next, the shielding mold component (2nd operation gestalt) of the type of drawing 4 was 
created using the antiferromagnetism ingredient mentioned above. As a bottom shielding layer 2, 
as FeTaN and a bottom GYAFFU layer 3, the magnitude of 1 x1 [mum] was processed according 
to PR process, and the amorphous carbon and magneto-resistive effect component 6 and nickel 
oxide (50nm) / Fe oxide (2nm) / Co90Fe10(3nm)/Cu(2.5nm)/Co92Zr3Nb5 (6nm) were used at 
this time. 

[0062] and the above-mentioned magneto-resistive effect component 6 — 1 — sWole* — the 
laminating of the bottom electrode layer 5 of Mo was carried out to CoCrPt like. As an upper gap 
layer 8, NiFe was used as an alumina and an upper shielding layer 9. This head section was 
included in the magnetic-head equipment of record playback one apparatus like draw in g 5 , slider 
processing was carried out, and record playback of the data was carried out on the CoCrTa 
system medium. Under the present circumstances, in 1 .5 [mum] and a write-in gap, 0.2 [mum] 
and the reading width of recording track set [ the writeHn width of recording track ] 1 .0 [mum] 
and a reading gap to 0.21 [mum]. The coercive force of a medium is 2.5 [kO]. 
[0063] When record mark length was changed and the playback output was measured, the 
frequency was set to 1 50 [kFCI] by the mark length whom a playback output reduces by half. A 
playback output is 2.8 [mV] in maximum amplitude (peak to peak), and the wave with good 
symmetric property without a noise was acquired. The S/N ratio was 26.6 [dB] and the error 
rate was ten to six or less. Moreover, although the environmental test was performed in 80 l*^} 
and 500 [Oe], the error rate did not change this head at all before 1 500 hours. 
[0064] Next, the magnetic disk drive made as an experiment with the application of this invention 
is explained. The magnetic disk drive was equipped with the magnetic disk of three sheets on the 
base, and has stored the head drive circuit and the digital disposal circuit, and the input/output 
interface in the base rear face. It connects with the exterior by the 32-bit bus line. Six heads are 
arranged in both sides of a magnetic disk. The rotary actuator and drive for driving a head, the 
control circuit, and the spindle direct connection motor for disk rotation are carried. 
[0065] The diameter of a magnetic disk is 46 [mm] and a data surface uses from the diameter 10 
[mm] to 40 [mm]. Since it does not have a servo surface using an embedding servo system, 
densification is possible. 

[0066] As for this equipment, direct continuation is possible as external storage of a small 
computer. Cache memory is carried in an input/output interface and it corresponds to the bus 
line whose transfer rate is per second 5 to 20 megabytes of range. Moreover, it is also possible 
by placing an external controller and connecting these two or more equipments to constitute a 
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mass magnetic disk drive. 
[0067] 

[Effect of the Invention] Since sufficient switched connection field from an antiferromagnetism 
layer to a fixed magnetic layer was secured as it mentioned above according to this, since this 
invention was constituted as mentioned above and functioned, the magneto-resistive effect 
component which can obtain a bigger playback output than before, and a shielding mold 
magneto-resistive effect sensor can be obtained. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the outline sectional view showing the 1 st operation gestalt concerning this 
invention. 

[Drawing 2] It is the explanatory view showing the example of the magneto-resistive effect 
component indicated in drawing 1 . 

[Drawin g 3] It is the explanatory view showing other examples of the magneto-resistive effect 
component indicated in dravying 1 . 

[Drawin g 4] It is the outline sectional view showing the 2nd operation gestalt concerning this 
invention. 

[Drawing 5 ] It is the outline perspective view in which showing the 3rd operation gestalt 
concerning this invention and which cut in part and was lacked. 

[Drawin g 6] It is the outline perspective view in which showing physical relationship with the 
magnetic-recording medium at the time of equipping the body of a slider with the magneto- 
resistive effect sensor concerning the operation gestalt of drawing 5 and which cut in part and 
was lacked 

[Drawing 7] It is the graph showing the result of having measured the resistance rate of change 
at the time of changing various materials of a fixed magnetic layer about the example of the 
magneto-resistive effect component in the example shown in drawin g 1 etc. 
[Drawing 8] It is the graph showing the result of having measured the resistance rate of change 
at the time of changing various materials of an antiferromagnetism layer about the example of 
the magneto-resistive efFect component in the example shown in drawing 1 etc. 
[Description of Notations] 

1 Substrate (Base) 

2 Bottom Shielding Layer 

3 Bottom Gap Layer 

4 Vertical Bias Layer 

5 Bottom Electrode 

6 Magneto-resistive Effect Component (Magneto-resistive Effect Film) 

7 Gap Convention Insulating Layer 

8 Upper Gap Layer 

9 Upper Shielding Layer 

1 1 Substrate Layer 

1 2 Antiferromagnetism Layer 

13 Fixed Magnetic Layer 

14 1st MR Enhancing Layer 

15 Non-magnetic Layer 

16 2nd MR Enhancing Layer 

17 Free Magnetic Layer 

18 Protective Layer 
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[Drawing 5] 
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1 0 0 1 4 ] Mt, T»S/S!tfi8H4S/H^«itS/ 

^ 1 M R X > A >;<, B/'#|5ffittBI/'m 2 M R X >/\ 

^V^ttCoFeB, CoZrMo. CoZrNb. 
CoZr. CoZrTa. CoHf. CoTa, CoT 
aHf. CoNbHf. CoZrNb. CoHfPd. 
CoTaZrNb. C o Z r MoN i 
■5. 

CO 0 1 5] ««t#-T?«. K^m\^mm.±\zm^mBmi)^ 
^^ftif)iz^^m^m<om^m<^vi£.t b-c^icffls-^c® 

BI5t®tt^®«|^IcJ;DSt*i3. ^-WJitifiaWSn^X 
[0 0 16] 

[zUr>xmmti>. 

[0017] (^1 <D^m<Dmm m i tc cns^r. 

3?ft*-t>1ttt. S«l JitcT->-;UKM2, T^i- y:/ 

;kKP2«. m^ti.i<:^^\zy:fhvi^7.hiLm (pr 

[0018] mm.mm^m'?' e p r xe»c j; d m 
^ts-i^^-^mmzz-i^-yit^nx^-^^. ^©ss 

tl«lri«l*SR^ 6 ©SSaSfcSl-r § J: 5 tC, IKEK-f TX S 
[0 0 19] iKOaKO^f-f :^<D, Ti'— ;H<H2i:b 



Ttt. NiFe. CoZr, CoFeB, CoZrM 
o. CoZrNb, CoZr, CoZrTa, CoH 
f. CoTa. CoTaHf, CoNbHf. CoZr 
Nb. CoHfPd. CoTaZrNb, XttCoZr 
MoN I ^l>»iF e A 1 S 1 , mtWi^m^^ 

l?S:fflHSZ:<hAi-CS, KU^ttO. 5 — 10 (um) (D 

[0 0 2 0] X, T=^=A'^y®3tt, T>il'5:hWi1.{C 
t>. S i02. ^\t7)V5.—OlK, !£fb>>U3>. ^^-f 
^=E>H5-f i'*— iJ5>^*«®fflBl«6T*i5. 0. 0 1 

~o. 2 0 (Mm) mmx<Dmmi)m^\^\.^, Tnmii 

UTtt, Zr. Ta. Mo*»&;S:«^<*:feU< tt^^fe 
b < b (r). IBUItQBHtl 0 . 0 1 0 . 1 

0 [Mm) 

CO 0 2 1] «t''«-f 7X®44:bT«, CoCrPt. 
CoCr. CoPt, CoCrTa. FeMn. NiM 
n. NlSs^bl^J. m Comity, I rMn, PtPd 
Mn. RcUnm'^m^'^'itZ.t.ifiX^^. 

[0 0 2 2] Hfc, ^wrfrnwrnmi h\^x\±. r 

)V^ir, SIO2, ^^tT^WSx-jzA. !£^tv'j3>. 

oo5~o. 0 5 Cjtiin) m!mx<D&mtm.^v\>\, ± 

^I'yT'SStt. T;P5:h. Si02. Sflsr;P5X'? 

0. 0 1~0. 20 Cum) S5fflT?0)ffi 

ffl^^S^bV^. 
C 0 0 2 3 ] Ji5^— JPH/B 9 fCttN i F e , CoZr, 

XttCoFeB, CoZrMo, CoZrNb, CoZ 
r. CoZrTa. CoHf. CoTa, CoTaH 
f. CoNbHf. CoZrNb, CoHfPd. Co 

TaZrNb. CoZrMoNi F e A 1 S 1 . 

lifl:fiic««<s^*fS:ffll,>SCtJ&tT€, ffiUWttO. 5~1 

0 Cum] (DmSSiXMm^^Xib^, 

[0 0 241 *fc, @ 2 tc. fiSaeta^^Sg^^ 6 <D-CT 
^mr. COH 2 aa^e^t^S^'i^ 6 CDmijl|j$(D|S.-i: 
HT*S. C®H2K*V>T, T*®1 l±JcS3il«tt 

H 1 2 . 1 3 . ^tJfiSttffi 15. 7 u -fiKtta 

1 7:^J:t^«ilSJil 8&M%«lfib/>:«$]gT»-&. 

(0 0 2 5] 03 tC. fia^StfKlHl*m^6©ffi«) 

—m^7p.t, C®E3®«sjtt, Tififfll litdSaimW- 
@12. H^SfiS^^lS. ^lMRX>A>Xff;i 4. 
#«ttBl5. ®2MRX>A>X® 1 6. yU— fflltt 

m 1 7 1 8 ^m:m.m\yit>mkxs>^, c 

OR{. Hiea^tl SibTtt. Co. Nl. Fe«'<— 

xc-rsy;u-7'*^e>;^j:s»#:. xiimmm^m 

ti-S. ffiypt41~5 0 Cnm] iBai*t|g*bV». 
[0 0 2 6] X, »1MRX>A>X® 1 4tbTttC 
o, Fe. Ni, NIFeCo, FeCo^, Xt^Co 
FeB. CoZrMo. CoZrNb, CoZr, Co 
ZrTa, CoHf, CoTa, CoTaHf, CoN 
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bHf, CoZrNb. CoHfPd, CoTaZrN 
b. CoZ rMoN 1^(0^4!. XtiT^iW^T-XlBtt 
tJ^J^rfflt^-S, B!jy»±0. 5-5 tnm) mmnm^L 
^lMRXW\>Xlgl 4«fflV»^ti«^l±. Ctl 

(0 0 2 71 #aH*»l 5 tl/T»4, Cu. Culwl~ 
2 0 Cat 36) eg|OAg*»*Dbfc«S, CuJCl~ 
2 0 [at%) effi(DReS^3jqL.fc«». Cu-Au 

(0 0 2 81 ^2MRX>yN>XSl 6tLTJ±. C 

0, NiFeCo, FeCo?¥. XttCoFeB, Co 
ZrMo, CoZrNb, CoZr. CoZrTa, C 
oHf, CoTa. CoTaHf. CoNbHf. Co 
ZrNb, CoHfPd, CoTaZrNb. CoZr 
MoN i ^<D#fr^. XttT^rJl/^zXIBtttt^Sffllri 
^Z.izifi-V^i>, iSimitO. 5-^3 (nmj S^Ti^M^ 

ffll»Zi«€MrJt'<T^TMRJt*Jte KT* 

[0 0 2 91 7"J— JKttBl 7 tLTtt, N 1 Fe. N 
iPeCo, CoZrNb, CoZrMo. FeCo 
B, •fe>^^Xh. fi^t«»«». F e C o ISi^JliJPI. U 

^!^X»i8H®88*ffl t>« CI i:*t-e*«. aSiUtt 1-10 
tnm] efll*iS!SUV>. 7'J-ffif4B*m i Fe. N 
IFeCo. FeCo S-^— Xfc bfc«^s^©lii^^ctt. 

Ttt^STa, Hf. Zr. W^tCf SZliJCj:*?. 7 

[0 0 3 0] fiiSIJa 1 8 <t UTtt, A 1 . SI, T a , 

T i *»<&^«yjl'— :/<oa6fl:!fextt^ft«j. Cu. A 

u, Ag. Ta, Hf, Zr, I r, SI, Pt, T 

1, Cr, Al, Ci)'^i;>U^if)l^—zf, ^L<tt-€-ne> 

[003 11 ±szm^i&tiiiSim^'¥'6^m^it'>-)i' k 

•5. 

[0 0 3 21 (^2<D^Jfi<CH^!lD H4lwCn**T. 
5>'--;i'HSJa^«irt3i6»-fe>U-t4, Still 2JiJC K-> 

-;n«B 2 2 . T=<= ^ !y yia 2 3 , 6 

'>-;i'h*^2 2lijia^c:*:^$CPRX 
[0 0 3 3] Z.<Dm^. e^l&«i^%^76l4PRXe 



1 mmu^^o tc«A-f Txra 2 4 * j:trFmffi 

2 8. ±i^—)V\im2 9iim^^titlX\,^iS>. 

[0 0 3 41 T->-;i/H«2 2 tUTtt, MBL, 

ii.f&i<D^mmm<Dm'ttmm\z. n i f e, c o z 

r. CoFeB, CoZrMo, CoZrNb. CoZ 
r, CoZrTa, CoHf. CoTa, CoTaH 
f, CoNbHf. CoZrNb, CoHfPd, Co 
TaZrNb. X(iC o Z r M o N i IS^CD^^. |KI> 
»4, FeA 1 S 1 , ^<tfi^*«^^?&fflV»*Jli:*«-C 
€r, KWtiO. 5-10 (Mm] ©«iHT®fflnIflg-C* 

[0 0 3 51 ^<Dm<Dm^ii^umm\z':>\^'^xitmmL 

[00 3 61 (^3 (D^m<OBW 16 3 (O^tfiCD 

06(4, A9)£U;/t>'-;PHl!fll^]&tfi^M-t>i^&^e 

[0 0 3 7] sr. 0 5ic^-r3eaw*'\-;/Hi4. iwjfi 
6 ^mmmmmm ^ v k im^'&fc-a-s c: t j: o 

[0 0 3 8] E»Wdfe'\-;/ Htt. S«£3 0±CTSS>'- 

HIM 3 1 . nmk<nm.%mm^n^ 3 2 jciKtu® 

33. ±»i^-;l'HiS3 4jJ»&nc«>H±'\y HfiUt, T 
»{Bi^3 6. Zi-(/U37. ±mm^!Sk3 8i!f^e>Ui>m 

HK3 4 ^iTfliffiii^eiS 6 £:&:}^a(cl.T&;i>£^/cC 

(r). ^<D9^n±^v\^iz^o, ee»»if(£ 1 0 0 icffif} 

&»€rii*. anSlflKtlil 0 O75>&0f:£co©^«:£i 

[0 0 3 91 "^-UT, Wd-'Sry HffiW^ttfK^J-tBae'^ 

[0 0 4 01 ±ssm:^&mimiiikif-t:m\''^tim 

3 2 fe<fca:«e«si 3 sam^ti. zti^smmi^i o o 
±(c&ia€f<6U-rpi±^fT^. asaii^ 1 0 0 i4iii«R 

;^7-ry2^ft:^UT(DS^3 o(4ie»fli^i o o<d 

m^s 1 ktsiSimi^ 10 0 \zsBMtitiitm^mmn^, 
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•So 

[0 04 1] JiaB3lj%0^(D:^{^«)| £ 

[0 0 4 2] 

^iJt^rSfcfeC. J5f7^aE«/N i (5 0 n 

m) /C 09oFeio (3nm) /Cu (2. 5nm) / 
C 09oF e 10 ( 1 nm) /N i goF 620 (5 nrii) 

P>X/1>'5'gHJwJ;0» 5 0 0 COe) <D^tmm-f^ 

[0 0431 :i<Dm%mrm!km=&mfimmc^fTf3i-^ 
^^Anii^^ roj -e2 5 (uQcm] its^^ 

^fcftttl. 75 (AtQcm) tw^c-^fc. 

[0 0 4 4] ;ictC, :^/^XS«/N i m^tm (5 0 n 
m) /CogoFeio (3 nm) /Cu (2. 5nm) / 

m^rnvkm (enm) tv^^tfifiE-rs^attSfcai/rw 

ho>X/1>y5'SSfCJ:0, 500 COe] «HlJ!nna* 

[0 0 4 5] ;tf ^xS«/n i Siftifej (son 

m) /Co9oFeio <1. 5 nm) /C omZ r6 Mo 

20 ( 1 . 5nm) /Cu (2. 5nm) /Co^Zro 

Mo 20 (6nm) iii^^^m^-cm^t&mssfimmirr-fiSiv 

ft. smifrif^ha>7./t«ji'mm\z^r). 5 00 

*^-li-*:t:i5, 6. 0 C%] i:l.>affita«^t**t^&n 

fc. zKDm'Tinit&mi-misamm roj -res tuQc 

m] -C^O, Jtffi£i^'fbfi» 3 . 9 CtfQcm] 
Kl, tt.i&m.^1tm\t3. 9 C/uQcm] (C^^o;^. 
[0 0 4 6] Jkir, :<f7XSffi/N i SKt!^ (5 On 
m) /C 090F eio (1. 5 nm) /C 074Z re Mo 
20 (1. 5nm) /Cu (2. 5m) /C074Z rs M 
020 (3 nm) /N i goF ezoit^^WfifeTf^^efex^S 

D. 5 0 0 COe] <r>^imm^ti>-ctf-Drco '©asscjg 

Hffli»&«A^-&fciCa, 5. 0 [«] tV^^Stt^fti 

^A^Weti^t, :i(D5R^^C9it®ta«9iJiifiS« roj f 4 
5 luQcmi T&r), itf&t!i^i\:Wtii2 . 2 5 (mQ 
cm] IZ^Siryft, 



[0 0 4 7] EfCiBet-iT, ^f9XS«/N 1 mft^ (5 
Onm) /CogoFeio (3. 0 nm) /Cu (2. 5 
nm) /CogoZrjNbs (3nm) /Ru (0, 4 
nm) /C092Z rs Nbs (3nm) tVi^-PjfSl?® 
^ffila3a*Bi&fl5|SUfc. R!ogfi[»Ti^:^hP>x/1-y^' 
SHJCJ;0. 50 0 COe) ©E|J*Ba»*TrfTO?t. 

[0048] z.<Dm^&tni(b!ii:m=s:fmmmz^fsiM 

8 C9S] ttOStni^ft^JiS^&nfc. C®«»*ficDiST 
fil Cum] <SJC/t5'->{tb&*^»cJ3tiTt>ailf® 

[0 0 4 9] cnJ4, Co92Zr3Nb5 (3nm) / 
Ru (0. 4nm) /CogzZrjNbs (3nm) M 

CD2^cDCo92Z ra N bs Bd^R u ^jlbTT>^7 

^ti-&. z.<Dm'f-<ott.miFia.^tmm roj -743 cu 

Qcm) T^O, Jtffiei^ftil« 2 . 1 CMQcm) J; 

[0 0 5 0] ^(C. ;tf9XS1S/N i m{tl»t (5 0 n 
m) /C09oFeio (2nm) /Ru (0. 4 nm) / 
CogoFeio (2nm) /C u {2. 5nm) /Co92 
ZesNbs Onm) j:(^)p«tf£T. Ol^etni^c^lK 
^fef^iSLfc. JEKgSStt, v^^hP>XA-y3'^®{c:J; 
0, 5 0 0 COe] oH3*P«l?-«4'T?fTofc. CKOfiS^ffi 

HlUl$IS:tffiA^1tfct;i^, 4. 9 C%] i:l/>-5»*i:ifcft 

[0 0 5 1] Zi<Dm!&<o!Bi-r!iti Cum) > 

Co9oFeio (2nm) /Ru (0. 4nm) /Cogo 
Feio (2nm) a5<!D2-p<!!)CoF eg**Ru*jlUT 

T > 5^ 7 X D (c * ^ I J > y L T V 1 -5 fc* (c S * fiStt 

H 1 7 <oi5ff < , m^m^m 1 3 

a:gAlK11-)ni 7£:CDM<0ffiHeiS-g-)&VjN$<Xi:$:f^«e>^ 

^^^n^, zLcom'^ojitt&tnitWtiamm roj -e4i 

CizQcm) -e^O, ttfi^^<bA»2. 0 C/iQc 
m) tri^oSt. 

[0 0 5 2] 'AiZ. :i!/^XS«/N i g!{bi^ (5 0 n 
m) /C oggFeio {3nm) /Ru (0. 4nm) / 
CogoFeio (3nm) /Cu (2. 5nm) /Cogz 
ZraNbs (3nm) Ru (0. 4nm) /C092Z 
rNbs (3nm) ^Vi'd^t^-CfiS^eiri^^&f^fig 

bfc. fS.m\f7if^hu>x/^y^mmizjzo. soo 

COe) ©8i*nffi»fJ'-efi^o&. 

[0 0 5 3] zc)m§s.i&mism^msmmz^ntt:» 

tollCfflS^SrEPJjnb, M-Hiai^!&iffiAv-e-fci:z:^. 4. 

tti turn] miz/^if->iti'tim'=f-tz^\f^x%mnm 
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(0 0 5 41 dtlli, CojoFeio (2nni) /Ru 

(0. 4nm) /Co9oFeio (2nm) (DZriXDCo 
Fe®*JJ:t^Co92Z rs Nbs (3nm)/Ru 
(0. 4 nm) /C 092Z rs Nbs (3nin)fR(02 

OCDC092Z rs Nbs RuSiiLTT>5^7x 

< , mmm^m 1 3 ^ g iti«ii 

Cl(Oli$'!^(Oitffil%{ll^llIIffi« roj T3 8 C/iQc 
m] TfeO. ttffita'^ftaii 1 . 7 CuQcm) iCi^o 

[0 0 5 5] RmWim/CosoF ew (3n 
m) /Cu (2. 5nm) /Co92ZrNbs (6n 
m) t^-^omm-C, Kil!s»/S3fifflSttffltcai/r(D€r^S 

>;^/1y5'$IBJCJ:0. 5 0 0 COeD (DWUaSi^'^-C 

10 0 5 61 *Jw. Cin^«)a^«ta«»»ia«r>'-^l'H 
tr. T->-;U 2 1 UT»±N i F e , T^-v -v 3 

t4, n\m\:M (5 0nm) emitm (2nm) / 
Co9oFeio (3nm) /Cu (2. 5nm) /C092 
Z r3 Nbs (6 nm) PRXS{CJ:0 1 X 1 

CO 0 5 71 -c-UT. aa«ts«ft*«^6®«8»ic«-r 

-5J:^JC. CoC r P t tMoT«SS55$«lS^Lfc. 
-fc^P^yT'flStUTttT^PS:^, ±>'— ;i'Hfii|9i:L 
TttNiFeSrfflUfc. z:oj:5JC»^Ufc-t:>-y-€rH 
5(OJ:-5;Jc3B&l«i±-**:^'\-y H^cm*Ji^■C7.7'f ^ 

[0 0 5 8] CICOK. S^ii^h^yi'iiaHl. 5 Cu 
m] . -y^/tiO. 2 Cnm) . 

^y^ffittl. 0 turn] , Sgi^iii^^-vy:/«0. 2 

1 Ctfin) iiLlto fflt{t:<D««*»±2. 5 CkO) 

[0 0 5 9] ffi2®v-i7fiS:^ATW±dl:A)S-8W)^Lfc 

0 ckFcn tu-yit, n^mMtmizmm (pea 

kto peak)-C2. 7 CmV) /-iXoy 

2 6. 3 [dB) . X7— U— Mil 0-sJKTT*-3 

[0 0 6 0] miZ, C<0'\-yK^fc8 0 [t:) . 500 
[Oe) Ott«TSaJW««*fTofe>>*l 5 0 OI^HUS-CO 



[0 0 6 1 1 AiZs mi^i^itRmmu^^m^^xmA 

It. Z.<Dt.n, Tv'— ;i'K®2 tbTttFeTaN, K 
^i'y7H3i:UTtt7^JW7rX*— a^«tjii 
JSimsK^eiTfiN 1 (5 0nm) /F emitm 

(2nm) /'Co9oFeio (3nm) /Cu (2. 5n 
m) /CoszZrsNbs (6nm) SrPRXiHCJ:tl 
1X1 Cum] CD^cSaiClniXUTfflt^fc. 

[ 0 0 6 2 1 -e LT. ±mm^&im!k^f- eizimm, 
;fe*j:3»ccoc r p t tMoTm&ms^mmi^ti. 

TttNiFeSfflt>fc. CCD'vy HffllSrH5©J:5;S:8il 

mm±-'f¥m<Dm%^"j \^mmizm.^ii-/oxxy^ym 

XL. CoC rTa^«t{4:±tCx-^'*iaSH±L/fc. 

1. 0 lum) . S!J*-ii*^^r«y:^t±0. 2 1 (xim) 
£:U/^. ja£(4E0!>««:^tt2. 5 (kO] -7j&^. 
[00 6 3] 82ST-i'liSr^x.Tl§*m*«-ira*l^fc 

tc^. «^w*i6**«r-sv— i»STf^i8[jac*u 5 0 

(kFCI) tl3.r>1t. W*m*»ilfe*C««l (peak 
to peak) -C2. 8 (mV) -C^&O. J^X<J> 

ns'^nwikoy^.msm^iim^in.ii.. s/Nifctt2 e. 

6 (dB] , X^— U-httl 0-6UAT-C*ofc. * 
fc, ^lO'VyH^SO CC] , 50 0 COe) ©(JiT?® 

mm.^^r>it.ifi 1 5 0 o^iw*-cK>ra-cx9-^- h 

[0 0 6 4] ^^CJC. >|i««WSrjiflflUTffitfP3nfca^7^ 

tis. ^StX'i'Xi7<DiaiiB8Jctt6jl©'\>y H*<ffifiSSn 

[0 0 6 51 «a5*-rXi'<0iaSJ±4 6 (mm] Xib 
0. 5^— ^ffilliagl 0 (mm] A»f.4 0 (mm) 

^figffl-r-s, a«6ifii5>^-t)— sj^AiC&fflv*, "^—am^M 

[0 0 6 6] *geHI4. /hSzi>lia.-^'-<D^fi6321ft 

^mt.\^xwmmmmzur>x\^^. k^m>9 

[0 0 6 7] 
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o-r. ^ntcj:5t. ±j^vftJ^^\z. s»fiBH4®*^e. 

[0 6] 0 5CD^Sfi0fiJc:*v;!,^SfiSStffitn[3?'J«-fe>-9-«: 



1 

2 
3 
4 
5 
6 
7 
8 
9 

1 1 
1 2 
1 3 
1 4 
1 5 
1 6 
1 7 
1 8 



Tv'— -IVH 



mmsmm 

SglMRX>A>Xf? 
®2MRX>A>X^ 



[01] 



[021 



9 



7, 



4 




2 3 




''1 1 (TIM) 



[133] 



[114] 




i5(imiii) 

1 (TIM) 
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ms] [06] 




ma] 

[0 7] 







(96) 


(ffQcm) 


drOcm) 




<%) 


(u QotO 


(uOcm) 


NiMfttt (SOnrri) 


a7 


63 


42 


CopgZ r 

COaaZ 


• 

IT 




6. 

6. 


8 
0 


60 
62 


3. 
3. 


2 
1 










CoaaKf 


« 




6. 


2 


62 


3. 


2 


FeMh (IGnn) 




58 


2.6 




IT 




S. 


3 


64 


3. 


4 










CoasTa 


T 




«. 


4 


61 


3. 


3 










C OviZ r 


aNb 


t 


e. 


7 


63 


4. 


2 


NiMi (30nn) 


42 


46 


1^ 


Co.aHf 




» 


e. 


5 


63 


4. 


t 










CotfTa 


iHf 


4 


8. 


8 


59 


3. 


4 


irMn OOnm) 


4.5 


57 


2*6 


COarNb 


»Hf 


4 


8. 


6 


57 


3. 


1 








CoarTa 


aZr 


4 


5. 


4 


59 


3. 


2 










COatNb 


• Zr 


• 


5. 


S 


61 


3. 


5 


RPdMn aorm) 


43 


56 


Z3 


COptZ r 


♦Ta 


4 


s. 


1 


68 


3. 


5 










CortZ r 


toMi 




5. 


8 


66 


3. 


8 


Nfttfttt C90nm) 
/Coil{t:«B (tran) 


7,0 


63 


4.4 


Co it. gZrg. 
Cor4ZrflMD 


■0 


8. 
8. 


8 
6 


62 
70 


3. 
4. 


4 
1 








CotbFq 




4. 


0 


72 


3. 


5 




62 


40 
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itj&ifacfii* 




(K) 




(ffQ cm) 




C o«sZ r c 


6. 


S 


50 


3. 


2 


CoaaZ r IT 


5. 


0 


62 


3. 


1 


Co«aH r • 


e. 


2 


S2 


3. 


2 




5. 


3 


84 


3. 


4 


Co«sTttT 


0. 


4 


5 1 


3, 


3 


CoisZ rtNb« 


fl. 


7 


83 


4. 


2 


Cot,H f gPdt 


e. 


6 


83 


4. 


1 


CottTa«H t ^ 


s. 
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